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负载型 Pt 基催化剂催化 CO 氧化具有极其广泛的应用，如：富氢燃料电池
中 CO 的选择氧化（PROX）、汽车尾气净化、科学研究用探针分子等。以往的研
究表明室温下，由于 CO 在 Pt 金属表面的强吸附导致氧气难以被活化，结果使
Pt 催化剂在室温下几乎无 CO 氧化催化活性。如何提高 Pt 催化剂室温催化 CO
氧化活性，成为了近年来研究的热点。 
已有的众多研究表明当 Pt 催化剂催化 CO 氧化活性受 Pt 粒径形貌、载体种
类及制备方法影响，催化剂室温催化 CO 氧化活性随 Pt 粒径减小而增强。本课
题组在研究 Pd 催化合成醋酸乙烯酯合成的工作中，观察到孤立的 Pd 原子与体相
Pd 表现出较大差异的催化性能。遵循上述思路，本工作通过制备具有较大含量
呈孤立 Pt 原子分散的负载型 Pt 基催化剂，提高了其室温催化 CO 氧化的活性。 
首先以 γ-Al2O3 为载体，采用浸渍法制备出一系列具有不同负载量的 Pt 催化
剂，并考察其 CO 催化氧化性能。活性测试结果表明上述催化剂在低至-10 oC 时
仍具有一定的催化活性，且负载量更低的催化剂在低温区表现出更高的催化活性
（TOF：每个 Pt 原子每秒转化的 CO2 分子个数）。动力学计算结果显示，催化剂
的表观活化能（Ea）可归类为：在低温区（-10~50 oC）的仅为 19~20 kJ/mol，目
前尚无文献报道；在高温区（130~210 oC）Ea 为 50~70 kJ/mol。此外，采用溶胶





等手段对各催化剂上 Pt 的金属粒径、CO 吸脱附性能进行表征，结果表明：负载
量更低的催化剂中 Pt 能获得较好的分散；Pt 纳米颗粒对高温区 50~70 kJ/mol 活

















最后，考察了载体及 CeO2 上 Pt 负载量对 Pt 基催化剂催化 CO 氧化性能的
影响。在以 SiO2、γ-Al2O3、TiO2、CeO2 为载体的 Pt 催化剂上活性测试结果表明，
各催化剂在低至-20 oC 仍表现出一定的催化活性，单位 Pt 原子上 CO 的转化频率
（TOF）依次增加，并可在低温区观察到由高分散 Pt 物种贡献的 18~22 kJ/mol
的表观活化能。随着负载量的降低，Pt/CeO2 催化剂上的 XRD、XPS 表征结果显
示 Pt 的分散度提高，同时催化剂表现出更优良的低温催化 CO 氧化活性。 
 


















The fascinating CO oxidation over Pt catalysts had attracted much study because 
of great importance for both practical applications and fundamental research, e.g., 
automotive applications, preferential oxidation of CO in fuel cells, and as a probe 
reaction. It was well known that the activation of O2 on a Pt catalyst was forbidden by 
strong CO adsorption. Thus, supported Pt catalysts had been regarded to be inactive 
for low-temperature CO oxidation, and much work was being taken to deal with the 
problem. 
The catalytic performance was strongly affected by the size of supported 
platinum particles. Moreover, the catalytic turnover frequency (TOF) was influenced 
by the type of support and the interface between particles and support. Thus, particle 
size was one of the important factors in controlling catalytic activity of platinum 
catalyst. We had observed the different catalytic performance in acetoxylation of 
ethylene to vinyl acetate (VA) between isolated Pd sites and bulk Pd. Following the 
method, it was our goals to determine the catalytic performance of atomically 
dispersed Pt for low-temperature CO oxidation. However, the catalytic properties of 
atomically dispersed Pt catalyst had seldom been reported.  
Part 1, a series of Platinum catalysts supported on gamma-alumina were prepared 
by incipient-wetness impregnation method in this study. Results of activity test in CO 
oxidation showed that catalysts with lower Pt loading displayed better 
low-temperature activities. Kinetic measurements revealed two different apparent 
activation energy (Ea), 19~20 kJ/mol observed at room temperature area and a high 
Ea (50~70 kJ/mol) showed at high temperature. As comparison, nano-Pt/Al2O3 
catalysts were prepared to investigate the catalytic properties in CO oxidation by 
Sol-gel method. Results showed that the Pt clusters sized 10±2 nm were almost 
inactivity for CO oxidation at room-temperature. Also the Ea at broad temperature 















related above. Characterizations using High Resolution Transmission Electron 
Microscopy (HRTEM), Energy Dispersive X-Ray Spectroscopy (EDX), X-ray 
Diffraction (XRD), Temperature Program Desorption of CO (CO-TPD) and In-situ 
FTIR of CO Adsorption were then carried. It was found that preparation of highly 
dispersed catalysts with smaller particle size would enhance the low-temperature 
catalytic activity for CO oxidation. Significantly, the results indicated that the highly 
dispersed Pt species played the major role of the lower Ea (19~20 kJ/mol) never been 
reported before, while the higher Ea (50~70 kJ/mol) was attributed to the Pt 
nano-particles. And it was supported by the kinetic measurements of 2wt% catalyst 
after calcined in air at high temperature.  
Part 2, impacts of supports and the loading of Pt supported over CeO2 on Pt 
catalysts were investigated in CO oxidation. Activity test and kinetic measurements 
showed that Pt catalysts supported on ceria, titania, γ-alumina and silica demonstrated 
low-temperature catalytic activities in a decreasing order, causing from the different 
amount of highly dispersed Pt species. And Ea valued 18~22 kJ/mol contributed by 
the highly dispersed Pt species can be observed at low temperature. As the Pt loading 
decreased over Pt/CeO2 catalysts, characterizations of XRD and XPS suggested the 
dispersion of Pt increased, meanwhile, the catalyst displayed a better low-temeprature 
activity for CO oxidation.     
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